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(54) Integrative gene-expression In food-grade microorganisms 



(57) A process for integrating a promoter-less for- 
eign gene into an operon in front of at least one essen- 
tial cistron on the DNA of a food-grade microorganism, 
in such a way that the gene is expressed as functional 
part of this operon and that the gene is stably main- 
tained and expressed due to selective pressure on cor- 
rect functioning of the essential cistron upon growth in 



standard medium, the integration being preferably car- 
ried out by transforming said microorganism with a 
donor plasmid which is not able to replicate by itself in 
the microorganism and which carries said foreign gene 
as a functional part of said operon in front of said essen- 
tial cistron. 
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D scription 

[0001] The present invention relates to a food-grade gene Integration and expression system in microorganisms, 
espedalily in Streptococccus thermophllus or in Lactobadllus bulgaricus. Maintenance and expression of any homolo- 
5 gous and/or heterologous gene is selected for indirectly by simply growing the cells in their natural habitat, especially 
milk. 

$tatgpfthQ art 

10 [0002] Streptococcus thermophllus ( S.thermophilus) 

is a very important microorganism for the fermentation of food. It is predominantly used in the fermentation of milk prod- 
ucts where it is particularly used as starter culture, often in combination with other homo- or heterofermentative bacte- 
ria, for yogurt and cheese production. Only recently, progress has been made in the genetics of this organism. Several 
gene transfer techniques as conjugation [1 ,2], transfection [3] and transformation [4.5] have been reported for this spe- 

15 cies. So far. this enabled the examination and use of alreacfy existing bacterial plasmids as cloning vectors [3,5] as well 
as a beginning in designing new vector systems [6]. Although very little is known about transcriptional and translational 
control regions in S. thermophllus [7]. expression of some heterologous genes, delivered and maintained on plasmids, 
was reported [8]. However, expression levels are not predictable and often low or not detectable [7]. 
[0003] Plasmids are not a priori segregated in a stable way and may be lost under nonselective growth conditions. 

20 This may in particular be true for plasmid systems which are genetically engineered and can-y heterologous DNA. 
Selection applied for ensuring plasmid maintenance make in most cases use of marker genes referring resistance to 
antibiotics. Although very convenient for laboratory scale experiments, such a selection system can not be applied in 
food production. Up to date, a food grade gene transfer system for S. thermophllus has not been reported. 

25 Objects of the invention 

[0004] 

A first object of the present invention is to provide a process for Integrating a foreign gene Into the chromosomal 
30 DNA of a food-grade microorganism, especially into the chromosomal DNA of Streptococccus thermophllus or of 
LactPb^gillUg buloaricus. in such a way as to ensure tiie maintenance and expression of the gene by indirect selec- 
tion upon growth of the cells in their standard medium, especially milk. 

A second object of the present invention is to provide a process of integration which is food-grade (without taking 
35 the gene to be integrated into consideration). 

A third object of the present invention Is to provide a process of integration which does not nr^ke it necessary to 
directly select for the function of tiie foreign gene to be integrated and expressed at any step of tiie construction 
process. 

40 

A fourth object of the present invention is to provide a genetically modified microorganism obtained by such a proc- 
ess. 

A f iftii object of the present invention is to provide a derivative copy of a microorganism for carrying out such a proc- 
45 ess. 

A sixth object of the present invention is to provide a donor plasmid for carrying out such a process. 

A seventh object of the present invention is to provide a fermentation process, in which a food -grade substrate is 
50 fermented with such a genetically modified microorganism. 

An eigtfi object of the present invention is to provide a food product or a food additive obtained by such a fermen- 
tation process. 

55 Brief description of the invention 

[0005] In accordance wrth tiie present invention, there Is provided a process for integrating a promoter-less foreign 
gene into an operon in front of at least one essential cistron on the DNA of a food-grade microorganism, in such a way 
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that the gene is expressed as functional part of this operon and that the gene is stably nnaintained and expressed due 
to selective pressure on correct functioning of the essential cistron upon growth in standard medium. 
[0006] Preferably, this process comprises transforming said microorganism with a donor plasmid which is not able to 
replicate by itself in the microorganism and which carries said foreign gene as a functional part of said operon in front 
5 of said essential cistron. 

[0007] Preferably, this process further comprises isolating transformants containing plasmid-genome cointegrates 
and resolving the cointegrates to achieve correct integration of the foreign gene. 

[0008] Also preferably, said microorganism is a lactic acid bacterium selected from a group conprising the genera 
StrgptOPQCggg. UPtggQCCgg. LaPtObacillMg. LgLigpnogtOC, Pediococcus. Enterococcus and BHidobacterium. and the 

10 food-grade strains of the genera Propionibacterium and Staphylococcus . 

[0009] More preferably, said microorganism is Streptococcus thermophilus or Lactobacillus bulgaricus . 
[0010] Also preferably, said plasmid is derived from a plasmid carrying the whole or part of said operon. 
[0011] Furthermore, said donor plasmid preferably is able to replicate itself in another host system than said micro- 
organism and It further carries a selectable gene marker which is functional in said microorganism as well as in said 

15 Other host system. 

[001 2] Sard other host system may be E.coli. for example. 

[001 3] In a preferred embodiment of the present Invention, said operon is the lie operon and said essential cistron is 
the lacZ gene. In this embodiment, said donor plasmid may be obtained by modifying the wildtype sequence of said 
operon lac to generate a Nde l restriction site between the lac S and lacZ genes and inserting said foreign gene into the 
20 generated Ndel site. 

[0014] The process according to the present invention may also comprise transforming said microorganism by elec- 
troporation. 

[001 5] In another preferred embodiment of the present invention, the present process may further comprise preparing 
a derivative copy of said microorganism having a deletion within said essential cistron. this deletion being completed 
25 during the transformation and allowing simplified resolution of said cointegrates. 

General description of the invention 

[001 6] The principle of the present invention is to integrate a foreign gene into a vital operon of the genome of a fbod- 
30 grade microorganism, especially S.thermophilus. for example, in such a way to preserve the correct functioning, i.e. 
transcription and translation, of the operon and to have the heterologous gene as an integrative, functional part of the 
operon. In order to ensure correct expression of the integrated gene, it should be placed in front of an essential gene 
(cistron) of the same operon. Thus, selective pressure on the essential gene during cell growth under normal conditions 
in standard medium, e.g. in milK ensures genetic maintenance and expression of the integrated gene. According to 
35 what operon is chosen as can'ier system, different levels of expression and/or possibilities of regulation can be adopted. 
[0017] The present invention bears the following advantages over reported gene transfer systems in food-grade 
microorganisms, especially in S.thermophilus. for example: 

It is homogenic and food-grade (without taking the foreign gene to be expressed into consideration). 

40 

The integration of a gene into the genome is stable. It follows the strict copy number control of the host cell genome. 

Expression of the gene is controlled by a host cell proper promoter system. 

45 - Any foreign gene of homogenic. heterogenic, or synthetic origin, or of a combination thereof, can be expressed 
without the need for direct selection, observable phenotype or adaptation of the growth medium. 

Selection on the maintenance and expression of the gene is indirect upon growth of the cells in their standard 
medium, e.g. a milk based medium, especially milk, milk permeate or whey. 

50 

[0018] It may be noticed here that, throughout the present specification and claims, the expression "foreign gene" is 
to be understood as meaning any homologous, heterologous or artificial stretch of DNA coding for any useful product, 
such as an enzyme, for example. 

[0019] In order to achieve integrative gene expression in a foood-grade microorganism, espedally in S.thermophilus. 
55 for example, the following steps may be taken: 

Designing of a donor plasmid. To directly select for integration events in S. thermophilus. the donor plasmid should 
not be able to replicate by itself. It should carry a selectable gene marker which is functional in S. tharmophiltis and 
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contain a stretch of DNA, homologous to the S.thermophilus genome. Preferentially, the donor plasmid can repli- 
cate in an other host system than S. thermophilus. e.g. E. coll. for convenierrt genetical engineering and plasmid 
proliferation. 

5 - Targeting of integration. Integration of the donor plasmid occurs via recombination between homologous stretches 
of DNA of the donor plasmid and the genome of S. thermophilus . The donor plasmid which carries the gene to be 
integrated, has to be engineered in such a way to ensure proper integration of the gene into the operon. Upon inte- 
gration, a genetical configuration, designated as cointegrate. is formed between the genome and the donor plas- 
mid. 

10 

Optimization of the transformation procedure for S. thermophilus . In order to get detectable integration events, the 
transformation frequency (i.e. the number of transformants per ^g of input plasmid DNA) has to be reasonably high. 
Up to date reported transformation procedures were not sufficient to detect integration events. Therefore, we opti- 
mized the procedure for S. thermophilus by using the electroporation technique. 

15 

Genome integration. Integration of genes, or parts thereof, from donor plasmids onto the genome of S. ther- 
mophilus has not been reported yet. With our optimized transformation protocol we were able to reproducibly iso- 
late 1-10 integrants per 1 p,g of input plasmid DNA. Each integration event resulted in tiie formation of a cointegrate. 

20 - Resolution of the cointegrates. Upon release of the plasmid based selection system, a host cell proper recombina- 
tion system tends to resolve the cointegrate structure and. thus, to eliminate the vector backbone of the donor plas- 
mid. DNA sequences originating from E. coli and antibiotic resistance markers will be lost. In order to pick the 
desired final construction amongst the different possible resolution end products, individual descend ents of the 
transformants have to be screened for by using DNA hybridization techniques [9] (Example 1), or they can be 

25 selected for directly by using an appropriatly designed host strain for integration (Example 2). 

[0020] The feasibility of the above described procedure was demonstrated by integrating a promoter-less chloram- 
phenicol acetyl transferase (cat) gene, derived from Lactococcus ladls plasmid pNZ12 [10], into the lac operon of 
thermophilus between the two genes lacS and lacZ [11-13]. The gene organization of the modified operon which now 
30 replaces the original !ac operon on the S. thermophilus genome is shown in Figure 1 . Analysis of independent cultures 
after growth in milk for more than 100 generations (without selection on chloramphenicol) indicated that the cai gene 
was durably maintained. Furthermore, expression and regulation of the cat gene was shown to be parallel to that of the 
p-galactosidase (lacZ) gene, which is vital for growth of S. thermophilus in milk. 

35 MATERIALS AND METHODS 

Bacteria and plasmids 

[0021 ] S. thermophilus ST1 1 , a starter strain for yogurt production, is from our collection. It was deposited under the 
40 Budapest treaty on tiie 29.03.93 in the Collection Nationale de Cultures de Microorganismes (CNCM) de rinstitut Pas- 
teur. 25 rue de Docteur Roux, 75724 Paris Cedex 1 5. France, where it was given tiie number 1-1292. E. coli strains used 
were BZ234 (collection from the Biozenter, University of Basel, Switzerland) and JM108 [14]. Plasmids were: pVASSS 
[15], pNZ12 [10], pGEM-5Zf (Promega, USA), pUC-838-1 (pUC18 [14] having tiie 1 .7 kb Hindlll-Aval fragment witii the 
erythromycin resistance gene (Em^) from pVA838 bluntended and inserted into the unique Sma l site). pGEM5-838-2 
45 (pGEM-5Zf carrying the identical 1 .7 kb fragment from pVA838 as pUC-838-1 bluntended and inserted into the unique 
EcqRV site), pDP21 1 (pUC19 [14] having the 7.0 kb Esll fragment carrying the lacZ gene from S. thermophilus ST1 1 
cloned into tiie unique Esll site (similar construction as pRH1 16 [1 1])), pDP222 (pDP21 1 having the lacZ internal 1 .3 
kb Bglll fragment deleted by cutting witii Bglll and subsequent religation), pDP228 (pUCI 9 having the 2.4 kb Pstl- Spe l 
fragment from pDP21 1 cloned into its unique PstI and Spe l sites) and pDP301 (pKK223-3 [Pharmacia Inc.. USA] hav- 
50 ing the 4.2 kb EeaRI fragment carrying tiie lacS gene from ST1 1 cloned into the unique EcqRI site (identical construc- 
tion as pEKS8 [12]))(Figure 2). Plasmid pUC-838-1 was received from B. Suri, Ciba-Geigy Ltd., Switzerland, and 
plasmid pGEM5-838-2. pDP21 1 , pDP222, pDP228 and pDP301 were received from D. Pridmore. Nestec Ltd., Switzer- 
land. 

55 Media 

[0022] S. thermophilus was grown in HJL (3% tryptone. 1% yeast extract. 0.5% KH2PO4, 0.5% beef extract and 1% 
lactose), Ml 7 broth (Difco Laboratories) and MSK (9% reconstituted skim milk powder supplemented witii 0.1% yeast 
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extract). Where indicated, media were supplemented with 1% glucose, 1% lactose or 1% sucrose. E^.coli strains were 
grown in LB (0.5% NaCI, 1% tryptone, 1% yeast extract). Media were solidified for plating by the addition of 1 .5% agar. 
Erythromycin, chloramphenicol, ampicillin, X-gal (5-bronno-4-chloro-3-lndolyl-p-D-galactopyranoside) and IPTG (iso- 
propyl p-D-thlogalactopyranoside) were added individually as indicated. 

5 

Preparation of DNA 

1) Plasmid DNA from E. coli . 

10 [0023] Plasmid DNA from E. coli was isolated and as needed purified on CsCI gradients according to Maniatis et al. 
[161. 

2) Genomic DNA from S. thermophilus . 

75 [0024] Cells were grown overnight in 1 5 mlHJL broth supplemented with 1 % glucose at 42*»C in anaerobiosis (Anaer- 
obic Systems, BBL GasPaK Becton Dickinson & Co.). The cells were then harvested by centrifugation and washed 
once in 1M NaCI. Genomic DNA was isolated as reported by Delley et al. [17] and stored at 4°C. 

Transformation procedure for S. thermophilus ST1 1 

20 

[0025] Plasmids used to optimize transformation for S. thermophilus ST1 1 were pVA838 and pNZI 2. They both rep- 
licate in EJSQli as well as in S. thermophilus and their antibiotic resistance marker, erythromycin and chloramphenicol, 
respectively, are functional in both host systems for appropriate selection. As transformation method we used electro- 
poration. The following parameters were considered and optimized: growth of the host cells, preparation of the cells. 
25 parameters of electropulsing, buffer composition for pulsing, expression and plating of transformed cells. The optimized 
procedure is described below. 

[0026] S. thermophilus ST1 1 was grown in HJL medium supplemented with glucose overnight at 42°C. The next day, 
33 ml of identical fresh medium was inoculated with 700 \i\ of the overnight culture and grown for 1 -3 generations (max- 
imal OD6oo=0-3) at 42''C. The cells were harvested by centrifugation (5 min at 2000 g), washed once with 5 mM KPO4 

30 buffer (pH 7), resuspended gently in freshly prepared ice cold EPM to an exact ODgoo of 0.9 (EPM: 0.3 M raffinose. 5 
mM KPO4 buffer (pH 6.1), 0.5 mM MgCIa) and kept on ice at O^C. 200 ^il of cell suspension was added to a prechilled 
(O'C) 0.2 cm electroporation cuvette containing 1 ^g of plasmid DNA, mixed and electroporated with the Gene pulser 
apparatus (Bio-Rad Laboratories, USA) at 25 jiF. 400 Q and 2.05 kV. Immediately after pulsing, 1 ml of 1.2 times con- 
centrated Ml 7. supplemented with sucrose, was added to the cuvette, mixed with the cells, transferred to a sterile tube 

35 and incubated at 42'*C for 4 hours. Then, 4 ml of melted soft agar (M 17 supplemented with sucrose and 0.6% agar) was 
added to the culture and the mix plated onto a M17 agar plate containing sucrose and 2.5 jig/ml erythromycin (for plas- 
mid pVA838) or 2.5 jig/ml chloramphenicol (for plasmid pN212). The plate was incubated at 42''C for 2-3 days under 
anaerobic conditions (BBL GasPak. Becton Dickinson & Co.). 

40 DNA-DNA hybridization 

[0027] Genomic DNA off S. thermophilus was digested with appropriate restriction enzymes, fractionated by agarose 
gel electrophoresis and transferred to GeneScreen membranes. Southern blot hybridizations were performed as 
described by Southern [9]. DNA probes were ^^P labeled by the random priming method [16]. Alternatively, we used a 
45 non radioactive, enhanced chemiluminescence labelling method for the DNA probes (ECL system, Amersham). Hybrid- 
ization and washing of the blots were performed under stringent conditions. 

Other DNA manipulations 

50 [0028] Agarose gel electrophoresis, restriction enzyme digestions, ligations, alkaline phosphatase treatments and 
transformation of E. cpli strains were performed according to standard procedures [1 6]. Synthetic oligonucleotides were 
prepared by D. Pridmore (Nestec Ltd.. Switzerland) on an Applied Biosystems 380B DNA synthesizer and purified on 
Nap-10 gel filtration columns from Pharmacia LKB. PCR was performed according to SaiW et al. [18,19]. 

55 
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EXAMPLE 1 

Integration of the cat aene into the lac operon 

5 [0029] The jac operon of S. thermoohilus is located on the bacterial genome and consists of two genes, the lactose 
permease (lacS) and the p-galactosidase (lacZ) gene. They are separated by only 3 bp [12]. It is our intention to inte- 
grate a "foreign" gene into this operon, between the lacS and lacZ gene in such a way to have an identical spacing, i.e. 
3 bp, between each of the 3 genes and, thus, to conserve the properties of the operon. Selective pressure on expres- 
sion of the Iac2 gene ensures expression of the two other genes. Furthermore, host mediated spontaneous deletions 

10 or rearrangements in or at the "foreign" gene locus will in most cases affect the correct functioning of the operon and. 
thus, be eliminated by the selection for lacZ activity. 

[0030] As a model gene for integration, we chose the chloramphenicol acetyl transferase (cat) gene. Integrative gene 
expression of this gene should render the host cells, i.e. S. thermoohilus. resislent to the antibiotic chloramphenicol, 
which can be tested and monitored easily along the different experimental steps. Furthermore, convenient assays exist 

75 to determine quantitatively the level of expressed chloramphenicol acetyl transferase [20]. 

[0031 ] In order to make the appropriate genetical constructions, a part of the lac operon containing the junction region 
of the lacS and lacZ gene was isolated and cloned in E. coll . By in vitro mutagenesis, nnaking use of the PGR technol- 
ogy, we introduced a Ndel restriction site, which recognizes the sequence CA/TATG, right in front of the lacZ gene, over- 
lapping with its ATG start codon (Figure 3a). The spacing of the two genes stayed intact and the sequence alterations 

20 were within the spacing region and did not affect the primary sequence of the genes. Then, we PGR amplified the cat 
gene from the Lc. lactis plasmid pNZ12 with primers introducing a Nde l site at the start, overlapping with the ATG start 
codon. and at the end of the gene, located immediately after the TAA stop codon. The amplified cat gene was inserted 
at its newlNjdfil sites into the newly created Nde l site between the iacSand lacZgene. thus, generating the desired new 
operon structure, now consisting of three perfectly arranged genes (Figure 3b). 

25 [0032] Plasmids containing the construction with the integrated cat gene were transformed into S. thermophilus . As 
the plasmids can not autonomously replicate in this host system, they could not be nrmintained as plasmids and were 
aborted. Upon appropriate selection, however, rare integration events of plasmids into the host cell genome, where tiiey 
were maintained and replicated passively, could be observed and isolated. Selection of integration events was based 
on the plasmid encoded erythromycin resistance gene and resulted in the isolation of cointegrates between the bacte- 

30 rial genome and the plasmids formed by a single recombination event (Figure 4a). Appropriate resolution of the cointe- 
grates upon release of tine erythromycin selection pressure (second recombination event) resulted in a perfect 
replacement of the original lac region by the one infroduced on tiie donor plasmid (Figure 4b). Expression levels and 
stability of the integrated cai gene can be tested directly. 

35 Construction of donor plasmids 

i) DBM20. DBM26 and pBM33 

[0033] The Pstl-:SBel fragment of pDP222 containing tiie truncated !acZ gene was ligated into vector pGEM5-838-2 
40 linearized at its unique Esil and SCfil sites and transformed to E. coli BZ234. The cells were plated on LB plates sup- 
plemented with 1 mg/ml erythromycin and grown at 37''G overnight. Single colonies were isolated and grown in LB sup- 
plemented witii 100 jig/ml ampicillin. Plasmid DNA was extracted and analyzed by restriction site mapping. Plasmids 
carrying the correct fragment were identified and named pBM20 (Figure 5). In order to shorten the vector backbone and 
to eliminate the ampicillin resistance gene. pBM20 was digested with £sbI (which cuts at position 1617 and 2843 in 
45 pGEM5 [Promega. USA]), religated and transformed to BZ234. Selection was on identical LB erythromycin plates as 
above. Plasmids having the correct 1 .2 kb Espl deletion were identified and named pBM26. 

[0034] Alternatively, vector pUG-838-1 was Espl digested, religated and ti-ansformed to BZ234 as described above. 
The resulting vector, named pBM31 , was linearized at its unique EcoRI site, the ends bluntended by afilling-in reaction 
[16], ligated and transformed to BZ234. The new vector, named pBM32, was linearized at its unique PstI and Bam HI 
50 site, and ligated to the by agarose gel electrophoresis purified 1 .55 kb Pstl-Bgill fragment from pBM20. The ligation mix 
was transformed to BZ234, the cells plated and grown on LB erythromycin (1 mg/ml) agar plates. The plasmid content 
of single colonies was analyzed, the correct clones identified and named pBM33 (Figure 5). 

ii) DBM39 and pBM42 

55 

[0035] A Ndfil restriction site between tiie lacS and lacZ gene was generated as outiined in Figure 6. A Ca. 900 bp 
long fragment containing the C-terminal end of lacS was PGR amplified from EsB' linearized pDP228. The synthetic oli- 
gonucleotides used as primers were 5*-GGTTTTGGCAGTCACGAC (primer 1, hybridizing to vector pUCiS) and 5'- 
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GTCATQTTCATATGTTATTCTCCTTT (primer 2. intrcxiucing a Nde l site). The amplified fragment was PstI and Ndel 
digested, and ligated to the Esll and Nde l digested vector pGEM-5Zf, transformed to BZ234 and the cells selected for 
growth on LB ampidllin (100 \iQ/m\) plates. The plasmid content of single colonies was analyzed, correct clones carry- 
ing the 900 bp fragment identified and named pBM37. A second PGR was carried out from the linearized pDP228 with 

5 using the synthetic oligonucleotides 5'-AAAGGAGAATAACATATGAACATGAC (primer 3) and 5*-TTGGGAGCTCTC- 
CCTTAACAAAGAGA (primer 4, containing a Sad site next to the Bglll site). The ca. 700 bp amplified fragment was 
digested with Sa£l and Nde l. and ligated into the §as\ and Nde l digested pBM37. The ligation mix was trarisfbrmed to 
BZ234 and the cells grown on LB ampidllin (100 |ig/ml) plates. The plasmid content of single colonies was analyzed, 
correct clones containing the Insert identrfied and named pBM38. 

10 [0036] Plasmid pBM38 was digested with BstEII and Dralll. and the resulting 650 bp fragment, containing the new 
junction between the lacS and la^ gene, isolated by agarose gel electrophoresis. Similarly, pBM33 and pBM26 were 
digested with BglEII and Drain, and their larger fragment containing the vector backbone isolated and each ligated to 
the 650 bp fragment from pBM38. Ligation mixes were transformed to BZ234, plated onto LB erythromycin (1 mg/ml) 
plates and incut>ated at 37''C. The plasmid content of single colonies was analyzed and correct clones can-ying the 

75 inserted Ndel site transferred from pBM38 were identified. Plasmids originating from pBM33 and pBM26 were named 
pBM39 and pBM42. respectively (Figure 5). 

iii) PBM40. DBM43 and pBM45 

20 [0037] The cai gene from pNZI 2, which was first linearized at its unique Sail site, was PGR amplified. The synthetic 
oligonucleotides used as primers to generate Nde l sites at the start and end of the cal gene were 5'-ATATGATAT- 
GAACTTTAATAAAATTGAT and 5' - ATTATCATATGTTATAAAAGCCAGTGATTAG. The ca. 670 bp long amplified frag- 
ment was digested with bldfil and ligated into pBM39 which was linearized at its unique Nd£l site and alkaline 
phosphatase treated. The ligation mix was transformed to BZ234. plated onto LB erythromycin (1 mg/ml) plates and 

25 Incubated at 37*>G. The plasmid content of individual colonies was analyzed and clones, having the Nde l fragment 
inserted in the correct orientation, i.e. the cat gene reading in the same direction as lacS and lacZ. identified and named 
pBM40 (Figure 5). 

[0038] Plasmid pBM40 was digested with BslEII and Dib\\\. and the 1 .3 kb fragment containing the cal gene isolated 
by agarose gel electrophoresis. Similarly, pBM26 was digested with BstEII and Drain, and the fragment containing the 
30 vector backbone was isolated. The two isolated fragments were ligated together, transformed to BZ234 and the cells 
grown on LB erythromycin (1 mg/ml) plates. The plasmid content of single colonies was analyzed, correct clones iden- 
tified and named pBM43 (Figure 5). 

[0039] Plasmid pDP21 1 was digested with Bglll and the 1 .3 kb iaeZ internal fragment isolated by agarose gel elec- 
trophoresis. This fragment was ligated into pBM43, which was first linearized at its Efllll site and alkaline phosphatase 
35 treated. The ligation mix was transformed to JM108 and plated onto LB plates supplemented with 1 mg/ml erythromy- 
cin. 40 fig/ml X-gal and ImM IPTG. The cells were grown at 37*'G overnight. The plasmid content of individual blue col- 
onies (LacZ+; [21]) was isolated and analyzed. Con-eel clones canying the entire lacZ gene were identified and named 
pBM45 (Figure 5). 

40 Integration of the cat oene into the ge nome of ST1 1 

i) cointeorate formation 

[0040] Plasmid pBM45 was transformed into S. thermophilus ST1 1 by making use of the optimized transformation 
45 procedure as described above. Upon selection on M17 agar plates supplemented with 1% sucrose and 2.5 jtg/ml eryth- 
romycin, about 1-10 colonies per 1 jtg of transformed plasmid appeared after 2-3 days of anaerobic incubation at 42*C. 
Single colonies were isolated, purified on fresh agar plates and grown in Ml 7 broth complemented with 1 % sucrose and 
2.5 Jig/ml erythromycin. Gells were harvested by centrifugation and their genomic DNA extracted as described above. 
Southern blots of PstI, Slal, Ndel and Psjl-Bglll digested genomic DNA were performed. As labelled DNA probes we 
so used plasmid pBM45, pBM32 and the 670 bp Nde l fragment from pBM40 containing the cal gene, respectively Analy- 
sis of the different Southern blots confirmed formation of cointegrates between plasmid and bacterial genome. In all 
analyzed cases, integration of the plasmid took place at homologous DNA stretches between the plasmid and the 
genome, mediated by general recombination (Rgure 7). 

55 iil re^QMipn Qf ggintgqrgtgg 

[0041] Overnight cultures of purified ST11 strains carrying cointegrates originating from pBM45 integrations were 
subcultivated by inoculating 40 ml of fresh Ml 7, containing 1% lactose and no erythromycin, with 100 fil of the culture 
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and incubated at 42°C. After cell growth reached saturation, subcultivation of the cultures was repeated in the same 
way and the cells grown again at 42°C to saturation. This subcultivation procedure was repeated in total 15 times and 
thereafter, cells were diluted, spread onto Ml 7 plates and incubated at 42"C. The next day. individual colonies were 
transferred to new M17 plates, with and without 5 ^g/ml erythromycin, and incubated at 42^*0 overnight. Cells from 
erythromycin sensitive colonies were transferred to M17 broth, grown at 42**C and genomic DNA extracted therefrom 
as described earlier. The genomic DNA was digested with Psil, Nde l and Psll-Bgill, size fractionated by agarose gel 
electrophoresis and transferred to GeneSaeen hybridization membranes. DNA-DNA hybridizations according to 
Southern [9] were performed with either using pBM32, pBM45 or the 670 bp Nde l carrying the cal gene as DNA probe. 
The results confirmed that resolution of the cointegrates resulted in a complete loss of the plasmid backbone, including 
its erythromycin resistance gene, and one copy of the homologous repeated DNA sequence. Thus, depending on the 
location of the second recombination event, the lac operon was either reconstituted to its original wildtype configuration 
or replaced by the imported new operon structure (Figure 7), 

[0042] A strain isolated and identified as described above with containing the new operon structure, i.e. the qsI gene 
integrated between the lacS and lacZ gene, is named ST1 1 -Cat throughout the present specification and was deposited 
under the Budapest treaty on the 02.04.92 in the Collection National de Cultures de Microorganisme (CNCM) de Tlnsti- 
tut Pasteur, 25 rue de Docteur Roux, 75724 Paris Cedex 15, France, where it was given the number 1-1 190. 

Stability of the integrated gene 

[0043] 80 ^1 of an overnight culture of strain ST1 1 -Cat grown in Ml 7 medium supplemented with 1% lactose was used 
to inoculate 80 ml of sterilized MSK and incubated at 42*'C. After cell growth reached saturation, subcultivation of tine 
culture was repeated consecutively 1 5 times witin always transferring 80 \i\ of the homogenized milk culture into 80 ml 
of fresh MSK medium and growing tiie cells at 42*C. After these transfers, which correspond in total to about 150 gen- 
erations of growth, cells were plated onto Ml 7 agar plates supplemented with 1% lactose and incubated at 42°C. 300 
individual colonies were picked onto Ml 7 agar plates supplemented witii 5 jjig/ml chloramphenicol and incubated at 
42°C. All analyzed colonies were able to grow on chloramphenicol plates and, thus, durably inherited the sat gene. 

Activity of the integrated cat gene 

[0044] ST11 and strain ST1 1-Cat were grown in MSK overnight at 42*'C. The next day, 100 jil of each culture was 
transferred to 50 ml MSK and 50 ml MSK supplemented with 10 jig/ml chloramphenicol and incubated at 42**C. After 
24h, botii strains, ST11 and STII-Cat, did grow in MSK and coagulated tiie milK whereas only strain ST1 1-Cat was 
able to grow in MSK witii chloramphenicol and to coagulate tiie milk. ST1 1 was not aWe to grow even after prolonged 
incubation for 3 days at 42°C. The results are summarized in Tat>le I. 



TABLE I 



strain: 


ST11 


ST1 1-Cat 


MSK (no chloramphenicol) 
MSK (10 jig/ml chloramphenicoO 


growth 
no growth 


growth 
growth 



[0045] ST1 1 and ST1 1 -Cat were grown in 30 ml M1 7 brotii supplemented with 1% lactose. 1% sucrose or 1 % glucose 
with or without the addition of 0.5% galactose. Cells were grown to mid-log phase, harvested by centrifugation, washed 
twice with TE (50 mM TrisHCI pH 7.8. 2 mM EDTA) and resuspended in 1 ml TE. The cell suspensions were kept on ice 
and extracts were obtained by grinding the cells with glass beads (425 - 600 urn) on a vortex apparatus for 1 hour at 
4'*C [22]. Ceil debris and glass beads were precipitated by cenfrifugation (13000 g for 15 min at 4*»C) and the cell free 
supernatants were used to determine the specific chloramphenicol acetyl transferase activities according to the assay 
described by W.V. Shaw [20]. TTie results are shown In Table II. The enzyme activities are given as units per mg total 
protein. 



TABLE II 



growth medium 


ST11 


STII-Cat 


lactose 


0.0 


3.2 
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TABLE II (continued) 



growth medium 


ST11 


ST11-Cat 


sucrose 


0.0 


0.6 


glucose 


0.0 


0.8 


lactose + galactose 


0.0 


3.8 


sucrose + galactose 


0.0 


2.4 


glucose + galactose 


0.0 


3.6 



EXAMPLE 2 

Integration of the cat aene into the lac ooeron: alternative system with selection for c orrect cointegrate resolution. 

[0046] In Example 1 , appropriate resolution of the genome-plasmid cointegration structure can be found by time con- 
suming screening and analysis of erythromycin sensitive descendants of originally erythromycin resistant transfbrm- 
ants. This experimental step can be improved as demonstrated in Example 2. 

[0047] By the same means of plasmid integration and resolution, we replaced the wild-type lacZ gene of ST1 1 with a 
derivative copy, having the stretch of DN A between the start of the gene (Nde l site) and its first EooRI site (at nucleotide 
position 319; [23]) deleted (Figure 8). The resulting lacZ minus strain, ST1 1 -AiacZ. served as new host cell for transfor- 
mation. 

[0048] As donor plasmid for integration, we used a construction analogous to pBM40. which has tiie homologous 
region up-stream the cat gene extended, to bias integration (i.e. the first recombination event) to happen preferentially 
at this locus. 

[0049] The new host was transformed with the constructed plasmid and erythromycin resistant colonies, which 
showed a IggZ minus phenotype on appropriate X-gal plates, were isolated and analysed. The resulting cointegrate 
structure of the integrated, plasmid is presented in Figure 9. Appropriate resolution (second recombination event down- 
stream the eal gene) will keep the cat gene inserted in the genome, eliminate the vector plasmid backbone carrying the 
erythromycin resistance gene and reconstitute the truncated lacZ gene (Figure 9). Therefore, correct resolution can be 
selected for by growing cointegrate carrying cells in the absence of erythromycin in a lactose containing medium, e.g. 
milk. 

[0050] For the whole experimental procedure, there was no need to select or screen for an activity produced by the 
gene to be integrated, i.e. in this example the cat gene. Therefore, any functional homo-, heterogenic or artifical gene, 
inrespective of its resulting phenotype can be integrated and expressed in this way It will be stably maintained and its 
expression may be regulated by appropriate growth conditions. 

Construction of donor plasmids 
i) pBM46 

[0051] Plasmid pDPSOl wasdigested with AatI I. bluntended [24] and subsequently digested with BstE 1 1. Theca. 1690 
bp fragment can-ying part of the lacS gene was isolated by agarose gel electrophoresis. Similarly, pBM40 was digested 
with Pstl. bluntended [24], further digested with BstEII and the larger fragment comprising the vector backbone isolated 
by agarose gel electrophoresis. The two isolated fragments were ligated together according to standard procedures 
[16], transformed to BZ234 and put onto LB erythromycin (1 mg/ml) plates. After incubation at S^C, single colonies 
were isolated and their plasmid content analysed. Correct clones were named pBM46 (Figure 8). 

in DBM49 

[0052] Plasmid pBM46 was digested with EcqRI and Ndfil, bluntended [24] and the largest fragment comprising the 
vector backbone isolated by agarose gel electrophoresis. It was subsequentiy religated on itself, transformed to BZ234 
and the cells plated onto LB erythromycin (1 mg/ml) plates. After incubation, the plasmid content of single colonies was 
analysed and correct clones named pBM49 (Figure 8). 

Constructio n of ST1 1 -AlacZ 

[0053] Plasmid pBM49 was transformed into S. tiiermophilus ST1 1 by making use of tiie optimized transformation 
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procedure as described above. Upon selection on M17 agar plates supplemented with 1% sucrose and 2.5 p,g/ml eryth- 
romycin, about 1-10 colonies per ^.g of transformed plasmid appeared atter 2-3 days of anaerobic incubation at 42°C. 
Single colonies were isolated, purified on fresh agar plates and grown in Ml 7 sucrose broth in the absence of erythro- 
mydn. The overnight cultures were diluted (1 :50) into fresh identical broth and grown again to saturation. This subcul- 

5 - tivation was repeated several times to ensure cell growth for over 30 generations in the absence of erythromycin. 
Thereafter, the cells were plated onto M17 sucrose plates containing 40 \xg/m\ X-gal and incubated under microaer- 
ophilic conditions (BBL CanrpyPak, Becton Dickinson & Co.). Single white colonies (lacZ minus; [21]) were picked and 
purified by restreaking and growing them for at least three times on agar plates. Then, they were tested for erythromycin 
sensitivity by restreaking onto Ml 7 sucrose plates containing 2.5 iig/ml erythromycin. Cells with LacZ minus and eryth- 

10 romycin sensitive phenotype were identified, their genomic DNA was isolated and analysed by Southern blotting. Their 
expected genotype as presented in Figure 9 A was confined and the new strain was named ST1 1 -A lacZ . It was depos- 
ited under the Budapest treaty on the 29.03.93 in the Collection Nationale de Cultures de Microorganismes (CNCM) de 
rinstitut Pasteur, 25. rue de Docteur Roux. 75724 Paris Cedex 15, France, where it was given the number 1-1293 . 

15 Integration of the cat oene into the oenome of ST1 1 -AlacZ . 

i) cointearate formation 

[0054] The procedure is the same as described for the cointegrate formation in Example 1 . However, as donor plas- 
20 mid pBM46 (instead of pBM45) and as host cell ST1 1 -A lacZ (instead of ST1 1 ) was used. Erythromycin resistant trans- 
formants were lacZ minus as was determined on Ml 7 agar plates containing 1% sucrose and 40 \XQ/m\ X-gal. 

ii^ resolution of cointe<?rat6s 

25 [0055] Single colonies were picked directly from the first selection plate (Ml 7 agar with sucrose and erythromycin) 
after transformation of pBM46 and grown in 10 ml Ml 7 medium supplemented with each 1% sucrose and lactose, in 
the absence of erythromycin. 1 ml of saturated culture was used to inoculate 100 ml MSK, which then was incubated 
at 42°C for 1 to 2 days. After growth, cells were streaked onto M17 agar plates containing 1% sucrose, 1% lactose and 
40 \iQ/rr\\ X-gal and incubated under microaerophilic conditions at 42'>C. Most to all colonies were blue, i.e. lacZ positive. 

30 [0056] Single blue colonies were picked and tested for growth on agar plates containing either 2.5 fig/ml erythronnycin 
or 10 )xg/ml chloramphenicol. All tested colonies were erythromydn sensitive and chloramphenicol resistant. Southern 
blot analysis of their genomic DNA was performed and compared directly with DNA from ST1 1 -Cat. All the results con- 
firmed that the bacterial strains obtained in this way were identical to ST1 1 -Cat. 
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Legends to figures 

35 

Figure 1 

[0058] Gene organization of the lac operon in S. thermoohilus . a) represents the lac operon of the wild type ST1 1 and 
b) the one of ST1 1-Cat. lacS and lacZ indicate the genes encoding the lactose permease and p-galactosidase, respec- 
40 lively. The promoter and terminator are indicated. 

Figure 2 

[0059] Physical map of the clones carrying parts of the lac operon. Restriction sites used for cloning are indicated. 

45 

Figure 3 

[0060] Schematic representation of the genetic construction, a) displays the modification generating a Nde l restriction 
site between the lacS and lacZ gene. Asterisks (*) indicate the mutated base pairs, b) demonstrates the in vitro insertion 
so of the sat gene into the generated Nde l site. 

Figure 4 

[0061 ] Chromosomal integration and resolution, a) represents the integration event of a plasmid into the chromosome 
55 via homologous recombination, b) shows the resolution of a chromosomal cointegrate via homologous recombination, 
leaving the modified copy of the operon back on the chromosome. The erythromycin resistance marker, er/. located 
on the plasmid backbone is indicated. 
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Figure 5 

[0062] Physical map of the constructed plasmids. Restriction sites are indicated. A Bglll site in bracket indicates that 
it was truncated by cloning into a BamHI site of the vector plasmtd. The orientation of the cat gene is shown by arrow. 

Figure 6 

[0063] Outline of the construction of pBM38. Primers used for PGR are indicated outsized. Restriction sites used for 
cloning are indicated. 

Figure 7 

[0064] Physical map of pBM46 cointegrates and resolution endproducts. a) shows the restriction map of the ia£ 
operon of ST1 1 . b) the ones of the two possible, identified cointegrates with pBM45 and c) the ones of the two possible, 
identified resolution end products from both cointegrates. Vector plasmid DNA originating from E. coli is shown as sim- 
ple line. Restriction sites are: B, Bglll; C, Clal; N. Nde l: P, Esil; and S. Spe l. 

Figure 8 

[0065] Physical map of the constructed plasmids. Restriction sites are: A, Aatll; P, Psil; E, EcoRI; S. Sqb\; B, Bglll; N. 
Ndel. Only the EcoRI site used for constructing pBM49 is indicated. Restriction sites shown in brackets were truncated 
by the cloning procedure. 

Figure 9 

[0066] Integration of the cat gene into the genome of ST1 1-Ala£Z. A) represents the integration event of plasmid 
pBM46 into the genome of ST1 1 -AlacZ via homologous recombination. The locus of this first recombination event (i) is 
marked by a cross. B) represents the resulting cointegrate structure. The plasmid backbone sequence is shown as 
wavy line and the erythromycin resistance gene is indicated (eryO. A bracket points to the second recombination event 
(ii) leading to resolution of the cointegrate structure. C) shows the integrated cat gene following resolution and the 
reconstituted lacZ gene. Restriction sites are as indicated in Figure 8. 

Sequence listing 

The sequences identified hereafter are to be found in 
the specification as follows: 



ID No 


1: 


page 


15, 


line 4 


II II 


2: 


M 


15 


" 5 


II II 


3: 


■1 


15 


" 14 


II II 


4: 


It 


15 


" 15 


II 11 


5: 


II 


16 


" 4 


II II 


6: 


It 


16 


" 5 
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SEQ ID NO: 1 

SEQUENCE TYPE: nucleotide sequence 
SEQUENCE LENGTH: 18 base pairs 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: synthetic oligonucleotide 
ORIGINAL SOURCE ORGANISM: synthetic 
IMMEDIATE EXPERIMENTAL SOURCE: synthetic 

FEATURES: from 1 to 18 synthetic PGR primer 

PROPERTIES: Primer 1, hybridizing to vector pUC19. 

Used for PGR (polymerase chain reaction) 
ampl i f ication • 



GGTTTTCCCA GTCACGAC 



SEQ ID NO: 2 

SEQUENCE TYPE: nucleotide sequence 
SEQUENCE LENGTH: 26 base pairs 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: synthetic oligonucleotide 
ORIGINAL SOURCE ORGANISM: synthetic 
IMMEDIATE EXPERIMENTAL SOURCE: synthetic 

FEATURES: from 1 to 26 synthetic PGR primer 
from 9 to 14 Nde l site 

PROPERTIES: Primer 2, introducing a Nde l site. 
Used for PGR amplification* 



GTCATGTTCA TATGTTATTC TCCTTT 
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SEQ ID NO: 3 

SEQUENCE TYPE: nucleotide sequence 
SEQUENCE LENGTH: 26 base pairs 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: synthetic oligonucleotide 
ORIGINAL SOURCE ORGANISM: synthetic 
IMMEDIATE EXPERIHENTAL SOURCE: synthetic 

FEATURES: from 1 to 26 synthetic PGR primer 
from 13 to 18 Nde l site 

PROPERTIES: Primer 3, introducing a Nde l site. 
Used for PGR amplification. 



AAAGGAGAAT AACATATGAA CATGAC 



SEQ ID NO: 4 

SEQUENCE TYPE: nucleotide sequence 
SEQUENCE LENGTH: 26 base pairs 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: synthetic oligonucleotide 
ORIGINAL SOURCE ORGANISM: synthetic 
IMMEDIATE EXPERIMENTAL SOURCE: synthetic 

FEATURES: from 1 to 26 synthetic PGR primer 
from 5 to 10 Sad site 

PROPERTIES: Primer 4, containing a Sad site. 
Used for PGR amplification. 



TTGGGAGCTC TCCCTTAACA AAGAGA 
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SEQ ID NO: 5 

SEQUENCE TYPE: nucleotide sequence 
SEQUENCE LENGTH: 28 base pairs 
STRANDEDNESS: Single 
TOPOLOGY: linear 

MOLECULAR TYPE: synthetic oligonucleotide 
ORIGINAL SOURCE ORGANISM: synthetic 
IMMEDIATE EXPERIMENTAL SOURCE: synthetic 

FEATURES: from 1 to 28 synthetic PGR primer 
from 5 to 10 Ndel site 



PROPERTIES: Primer 5, for generating a Nde l site at the 
start of the CAT gene from pNZ12. 
Used for PGR amplification* 

ATATCATATG AACTTTAATA AAATTGAT 



SEQ ID NO: 6 

SEQUENCE TYPE: nucleotide sequence 
SEQUENCE LENGTH: 31 base pairs 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: synthetic oligonucleotide 
ORIGINAL SOURCE ORGANISM: synthetic 
IMMEDIATE EXPERIMENTAL SOURCE: synthetic 

FEATURES: from 1 to 31 synthetic PCR primer 
from 6 to 11 Nde l site 

PROPERTIES: Primer 6, for generating a Nde l site at the 
end of the CAT gene from pNZ12. 
Used for PCR amplification. 

ATTATCATAT GTTATAAAAG CCAGTCATTA G 



Claims 



A process for integrating a promoterless foreign gene into an operon in front of at least one essential cistron, having 
a deletion therein; 

transforming a food-grade microorganism strain with a donor plasmid which does not replicate in the food- 
grade microorganism strain and which carries said foreign gene as a functional part of said operon in front of 
said essential cistron; 
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isolating transformants containing plasmid-genome cointegrates: and 

resolving the cointegrates so that the genome of the resolved food-grade microorganism strain does not 
include the donor plasmid to achieve correct expression of the foreign gene as a functional part of this operon 
due to selective pressure on connect functioning of the essential cistron upon growth in standard medium. 

2. A process as claimed in claim 1 . in which said food-grade microorganism strain is a lactic bacterium selected from 
a group comprising the genera Streptococcus. Lactococcus. Lactobacillus. Leuconostoc. Pediococcus. Enterococ- 
Cys and Bifidobacterium, and the food-grade strains of the genera Propionibacterium and Staphylococcus . 

3. A process as claimed in claim 2, in which said food-grade microorganism strain is Streptococcus thermophilus or 
Lactobacillus bulaaricus. 

4. A process as claimed in claim 2. comprising the further step of culturing the resolved food-grade microorganism 
strain in a standard medium which is a milk based medium, especially milk, a milk permeate or whey. 

5. A process as claimed in claim 1, in which said foreign gene is of honrK)genic, heterogenic or synthetic origin, or of 
a combination thereof. 

6. A process as claimed in claim 1 , in which said donor plasmid is derived from a plasmid carrying the whole part of 
said operon. 

7. A process as claimed in daim 1 . in which said donor plasmid is able to replicate itself in another host system than 
said microorganism and it further carries a selectable gene marker which is functional in said microorganism as 
well as in said other host system. 

8. A process as claimed in claim 7, in which said other host system is E. coll . 

9. A process as claimed in claim 1 . in which said operon is the !a£ operon. 

1 0. A process as claimed in claim 9, in which the essential cistron of the ia£ operon is the lacZ gene. 

1 1 . A process as claimed in claim 1 . in which said food-grade microorganism strain is the strain S. thermophilus CNCM 
I 1293. 

12. A genetically modified food-grade miaoorganism, obtainable by a process according to one of the claims 1-10. 

1 3. A food product or a food additive obtained by a fermentation of a food-grade sut)strate by a microorganism obtain- 
able by a process according to one of the claims 1-11. 
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